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Abstract 
 
Recycling is as an alternative solution in reducing the amount of waste generated through production activities. However, the 
precise level of waste embodiment in each of the industry is unknown. The input-output analysis is applied using the Malaysian 
input-output table 2010, consisting of 124 industries. The Hypothetical Extraction Method (HEM) is used to extract the waste 
industry which is identified as sewerage, waste collection and remediation activities. With the extraction, the changes of total 
output and value added in each 124 industries are recorded and disaggregated into direct and indirect changes. This study 
reveals that the embodiment level is the highest in wholesale and retail trade industry. 
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1. Introduction 
 
The concept of joint production in economics explains that waste products come into existence as the joint 
products of desired goods [1]. It indicates that the production activities in the economy will bring together negative 
externalities which can be translated as waste. Based on literature, evidences showed that high amount of waste 
produced in the economy has contributed to environment pollution [2].  
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This externality is now becoming a major threat to the environment and health. To overcome this particular 
problem and thus achieving sustainable development, pledges has been made by world countries as early as 1992 
through the Rio Declaration to integrate the environmental protection activities as a part of development process [3]. 
In Malaysia, the implementation of environmental protection activities are conducted with the adoption of policies in 
utilizing recycled waste in the production activities. The implementation of 3Rs (reduce, reuse and recycle) under 
the Solid Waste and Public Cleansing Management Bill for example has encouraged the utilization of recycled waste 
products in the economy in order to minimize the amount of waste produced [4]. This effort reflects that Malaysia 
has been long focusing on the green initiative in developing its economy. To discover the extent to which waste 
products are utilized in the economy, this study is carried out to quantify the level of waste embodiment in 124 
industries in Malaysia. In the attempt to uncover this objective, we will also be able to assess direct and indirect 




2.1 Input-Output Analysis 
 
Input-output analysis is a modeling technique that is frequently used by economists to study on the relationship 
between different industries. Basically, this technique will show the interdependency between production industries 
in the economy. The interdependency means production industries will purchase goods and services from other 
industries as intermediate input for their production and in turn produce output which is sold to other industries and 
consumers.  
With the capability to capture interdependency of different industries, input-output analysis is best applied for 
the calculation of the total requirements of resources for a unit of final demand. With this analysis, the total 
requirement (direct and indirect) of the input to satisfy the final demand can be assessed. One of the examples for 
the application of input-output analysis in the case of embodied waste in the economy is the study in Japan using the 
1995 waste generation matrix and 1995 landfill matrix [5]. This study was primarily conducted to report the level of 
waste generation and landfill intensities embodied in the Japanese economy. Another interesting example is a study 
conducted to assess the embodiment of natural resources and environmental emission in China [6]. This study used 
the biophysical balance modeling which is extended from the ordinary input-output modeling.  
Dataset for the analysis is the Malaysian 2010 input-output table that is derived from the Department of Statistics 
Malaysia (DOSM) [7]. It consists of 124 industries and is classified according to the Malaysia Standard Industrial 
Classification (MSIC). The waste industry is broadly classified as sewerage, waste collection and remediation 
activities in the input-output table for further analysis. Based on the available data, hypothetical extraction method is 
used to extract this industry from the data set and the changes in the total output and value added are measured.   
 
2.2 Hypothetical Extraction Method (HEM) 
 
To analyze the embodiment level of waste in the 124 industries, HEM is used to extract the sewerage, waste 
collection and remediation activities industry from the input-output table. The extraction will allow for the 
assessment of the amount of the embodiment as the total output value and value added will decreased from the 
initial amount. The changes between pre and post-HEM marked the amount of waste products being utilized by 
other industries in their production activities and the value added generated. The utilization or the embodiment level 
then can be further disaggregated into direct and indirect forms.  
 
3. Results and discussion  
 
3.1. Embodied waste in the National Key Economic Areas (NKEA), 2010 
 
The output from the waste industry has mainly supported the wholesale and retail trade industry. It suggests that 
this industry would require the amount of intermediate input from the waste industry as much as RM199.71 million 
or 0.10% from its total input requirement. Although the percentage of the contribution is considered small but the 
spillover effect that it brings to this industry in the monetary term is somehow large. This finding is explained by the 
outcome from the study of Peterson and Balasubramaniam [8] which was conducted to assess the 21st century 
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retailing industry. According to this study, retailing industry is the main industry that connecting one industry to 
another’s and final consumers. It explained why the waste embodiment level is the highest in this industry. If 
compared to the business services industry, the amount of waste embodied in term of percentage is relatively higher 
than in the wholesale and retail trade industry. However, the monetary value is lesser with the amount of RM41.69 
million. This scenario can be explained by the size of the industry itself as business services industry is smaller in its 
size. On the perspective of value added, wholesale and retail trade is also the main industry that has enjoyed the high 
value added amount. High value added is often associated to the high output value and Table 1 shows embodied 
waste in this industry has generated 0.10% for its value added which is equivalent to RM111.56 million.  
     
                                             Table 1 Embodied waste and value added in the NKEA, 2010 
Industry 
Output Value Added 
RM million % RM million % 
Oil, Gas & Energy 196.76 0.10 86.15 0.08 
Palm Oil & Rubber 47.02 0.02 15.65 0.03 
Wholesale & Retail Trade 199.71 0.10 111.56 0.10 
Financial Services 116.23 0.10 58.37 0.10 
Tourism 11.15 0.02 4.69 0.02 
Electronics & Electrical 8.50 0.00 2.26 0.00 
Business Services 41.69 0.28 18.11 0.28 
Communication, Content & Infrastructure 99.55 0.11 35.56 0.11 
Education 0.00 0.00 0.00 0.00 
Agriculture 7.29 0.01 3.29 0.01 
Healthcare 3.45 0.01 1.65 0.01 
Others 1,623.78 0.20 590.85 0.22 
 
To further analyze the embodied waste in each of the NKEA industries, the amount of input that it supplies to 
other industries can be quantified in direct and indirect amount. The same goes to the value added as it can also be 
separated into this two classifications. As shown in Table 1, wholesale and retail trade industry has the highest 
amount of embodied waste. Referring to Table 2, the amount can be separated into direct amount of RM12.20 
million and indirect amount of RM187.51 million. This implies that the embodied waste in this industry mostly 
exists in indirect forms. In other words, this industry might uses another industry’s output as the intermediate input 
in its production process. In the meantime, that particular industry may have utilized the waste industry’s output 
directly. As for the direct embodiment, this industry might use the input it bought from the waste industry for resale 
activities. For the value added, the same situation is shown as the indirect amount is higher than the direct amount 




This study attempts to quantify the level of embodied waste among industries in Malaysia. The study reveals that 
the embodiment level is the highest in wholesale and retail trade industry. However, the total level of embodiment is 
relatively small if total economy is accounted. Based on the analysis, the sum of the embodiment in the Malaysian 
economy is a total of RM2,355.14 million or 0.11%  and the value added amounted to RM928.14 million or 0.12%. 
For further disaggregation, the direct embodiment is equivalent to RM148.48 million and indirect embodiment of 
RM2,206.67 million. In the case of value added, the direct impact is totaling up to RM57.73 million and indirect 
impact of RM870.41 million. Although the value of waste products utilized in the economy is somehow small but it 
does not reflect that this sector is not a major contributor towards the economic performance. The changes applied 
on this industry will surely distort the total economic performance. 
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                                              Table 2 Direct and indirect embodied waste and value added in the NKEA, 2010 
 
Industry 
Output (RM million) Value Added (RM million) 
Direct Indirect Direct Indirect 
Oil, Gas & Energy 6.70 190.05 1.47 84.67 
Palm Oil & Rubber - 47.02 - 15.65 
Wholesale & Retail Trade 12.20 187.51 6.82 104.74 
Financial Services 1.29 114.95 0.80 57.56 
Tourism - 11.15 - 4.69 
Electronics & Electrical 0.38 8.12 0.10 2.17 
Business Services 2.18 39.51 0.95 17.16 
Communication, Content & Infrastructure 3.91 95.64 1.28 34.29 
Education - 0.00 - 0.00 
Agriculture - 7.29 - 3.29 
Healthcare - 3.45 - 1.65 
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